Since the first report of human immunodeficiency virus type 1 (HIV-1) infection in 1986, India has been experiencing a rapid spread, primarily through heterosexual transmission (15, 17) . The magnitude and complexity of HIV-1 genetic diversity are one of the major challenges for vaccine development (8, 19, 21) . Earlier reports from India identified the preponderance of subtype C (10, 18, 20) and small proportions of subtypes A and Thai B of HIV-1 (1, 12) . Subsequent reports identifying multiple subtypes and recombinants suggest new introductions and/or their detection due to extended screening (13) . The specific region within the envelope gene was used to determine HIV-1 subtypes in India (14, 16, 18) . Besides the C2-V3 envelope region (5, 7, 9) , the gag p24-p7 region has become important to the study of the genetic diversity (4, 9, 11, 22) of HIV-1, since the development of a gag-based heteroduplex mobility assay (HMA) (3, 9) , followed by sequencing and phylogenetic analysis (6, 22) . Based on the C2-V3 and C2-V5 envelope regions, we previously identified subtype C viruses among female sex workers in Calcutta, the most populous city in the eastern part of India (14) . HIV-1 subtype determination studies in India based on the gag gene are very limited, and so far very few samples have been studied (12) . In this study, we report the distribution of HIV-1 subtypes on the basis of the gag p24-p7 region.
Three hundred twenty female sex workers (in an age group of 20 to 35 years) in Calcutta were included in an unlinked anonymous study during the years 2003 and 2004 following the ethical guidelines. Blood samples were collected in Na-citrate solution after obtaining informed consent and pre-and posttest counseling. HIV-1 seropositivity was determined by rapid spot test (Immunocomb HIV-1/2 Bi-spot; Orgenics, Israel), followed by enzyme-linked immunosorbent assay (Immunogenetics, Belgium) and line immunoassay (Inno-LIA HIV-1/ HIV-2). Fifty-one out of 320 samples (16%) were HIV-1 positive. The study population never received any antiretroviral therapy, per their interviews with the research team. (The government of India has started antiretroviral therapy in highrisk states of India in accordance with the WHO 3 by 5 program. As West Bengal [Calcutta is the state capital] is a lowprevalence [in the true sense, concentrated-epidemic] state, antiretroviral therapy has just been initiated.) Peripheral blood mononuclear cells (PBMC) were separated from whole blood by Ficoll-Hypaque gradient centrifugation (2) , and the DNA was extracted by using the QIAamp DNA blood mini kit 250 (QIAGEN, Germany) according to the manufacturer's protocol. The HIV-1 DNA fragment comprising a 460-bp gag gene fragment corresponding to the region from amino acid 132 of p24 to amino acid 40 of p7 was amplified by nested PCR in a thermal cycler (GeneAmp PCR system 2400; Perkin Elmer). Primers used for the amplification were H1G777, 5ЈTCACCT AGAACTTTGAATGCATGGG3Ј (outer forward); H1P202, 5ЈCTAATACTGTATCATCTGCTCCTGT3Ј (outer reverse); H1Gag1584, 5ЈAAAGATGGATAATCCTGGG3Ј (inner forward); and G17, 5ЈTCCACATTTCCAACAGCCCTTTTT3Ј (inner reverse).
PBMC DNA (1 g) was used as a template for PCR in the presence of 1.5 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphates (Perkin Elmer), 10 pmol of each primer, and 2.5 U of Taq DNA polymerase (Ampli Taq Gold; Perkin Elmer) in a total volume of 50 l. PCR conditions followed were 94°C for 2 min, 35 cycles consisting of 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min 30 s, with a final extension at 72°C for 7 min in the first round; and 94°C for 2 min, 35 cycles consisting of 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min, with a final extension at 72°C for 7 min in the second round. An HMA was performed as described elsewhere (9) . A 460-bp gag p24-p7 region was amplified from the reference samples (NIH AIDS Research and Reference Reagent Program, NIH) by using the same sets of primers used to amplify p24-p7 from PBMC. Amplified gag DNA fragments from reference strains were mixed separately with the amplicon obtained from the sample FIG. 1. Phylogenetic analysis of HIV-1 p24-p7 region of gag gene from 51 female sex workers in Calcutta, India. The construction of the tree is described in the text. Samples from Calcutta were designated "cal." Reference isolates of different subtypes used were as follows: subtype A, UG029 and Q23_17; subtype B, Mstd101, HXB2 copy, and NC7; subtype C, mIDU101_3, 96ZM651, 98IS002, KER2010, 93IN101, 93IN9999, 95IN21068, 93IN904, 96BW01B03, 97ZA012, 98BR004, AA97202GP, and 97TZ04; subtype D, MB2059 and 99UGA07412; subtype F1, 93BR020_1 and BZ163; subtype G, 91ZR02 and X558; subtype H, 056 and VI991; subtype J, SE7887 and SE7022; and subtype K, EQTB11C and VI325. DNA (4.5 l each) in the presence of annealing buffer (100 mM NaCl, 2 mM EDTA, 10 mM Tris-HCl, pH 7.8). Denaturation and renaturation of DNAs were done by heating the mixes at 94°C for 2 min, followed by rapid cooling in ice. Heteroduplexes formed were then analyzed in a 5% polyacrylamide-20% urea gel in 1ϫ Tris-borate-EDTA buffer at 250 V for about 2 h 30 min. A 14-by 16-in vertical gel apparatus (Atto, Japan) was used for the HMA. Heteroduplex molecules that formed between the unknown sample and the most closely related subtype exhibited the fastest mobility. Analysis of het- on November 10, 2017 by guest http://jcm.asm.org/ eroduplex mobility of 51 samples with respect to the reference strains showed that the prevailing subtype of HIV-1 in Calcutta is subtype C. PCR amplicons were purified by a QIAGEN PCR purification kit (QIAGEN, Germany), and the purified products were subjected to cycle sequencing reactions in both directions by using fluorescent dye-labeled dideoxy nucleotides in an ABI PRISM 310 automated sequencer following the manufacturer's protocol. Sequences were submitted to GenBank, and the accession numbers were assigned (see below). The p24-p7 sequences were edited by using the BioEdit sequence alignment editor program (version 5.0.6.; Department of Microbiology, North Carolina State University [http://www.mbio.ncsu.edu /BioEdit/BioDoc.pdf]) and were subsequently analyzed with the BASIC BLAST program (http://www.hiv.lanl.gov/content /hiv-db/BASIC_BLAST/basic_blast.html), which revealed a close relatedness to subtype C. At least 5% divergence was shown by each sequence from those in the database, suggesting an absence of sample mix-ups with previously published sequences. All of the 51 sequences were then aligned with a reference panel of reported sequences and/or related sequences of strains isolated from different geographic regions available in the HIV sequence database (http://www.hiv.lanl .gov/content/index) provided by the Los Alamos National Laboratory, operated by the University of California, to generate the nucleotide substitution pattern among them. The reference panel included 30 sequences of different global strains with the same p24-p7 region of HIV-1 but consisting of all subtypes (A to K). At least two to three sequences of each reference subtype were taken for comparison. The multiple alignments were done by the ClustalW program. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 2.1 (Kumar et al., 2001 ). Evolutionary distances were measured by a Kimura two-parameter distance matrix method. The mean genetic diversity among the Calcutta samples was found to be 7%, ranging from 2% to 13%. The mean genetic diversity between the strains from Calcutta and other subtype C global strains was also found to be 7%.
A phylogenetic tree was constructed by the neighbor-joining method using the interior branch test of phylogeny, a t test that is computed using the bootstrap procedure. Bootstrapping was done for 1,000 replicates, and finally the tree was viewed and edited by the Tree Explorer in MEGA 2.1. Figure 1 shows the phylogenetic tree generated for all 81 strains (Calcutta and others). Only confidence probability values above 50% were given. Sequences from Calcutta belonged to subtype C. However, no rigid monophyletic cluster was observed and all were placed in discrete groups. Some sequences from Calcutta were found to be dispersed among the Indian C strains and some among non-Indian C strains, such as strains from South Africa, Botswana, Brazil, Kenya, Israel, Zambia, and Myanmar. However, in most cases, the Calcutta sequences formed small groups among themselves, characteristic exclusively of the C type from Calcutta.
This result propelled us to study the distribution and phylogenetic pattern of the HIV-1 type C gag p24-p7 sequences from Calcutta compared to those of other Indian C strains from different regions. All of the 51 sequences from Calcutta were analyzed, with another 44 sequences from India (mainly western and northern parts) as available in the database (Fig. 2) .
Samples from Calcutta represented eastern India. The ClustalW multiple sequence alignment program was used, and a phylogenetic tree was computed using the neighbor-joining method by MEGA version 2.1. The radial pattern of the tree was viewed for better observation. Two main clusters were formed. The majority (35 out of 44) of the Indian strains other than Calcutta strains formed cluster I, while another group of sequences (cluster II) were comprised mostly of the Calcutta strains (46 out of 51). Only five strains from Calcutta were within cluster I, while nine Indian strains other than Calcutta strains resided within cluster II with Calcutta strains. This result showed the distribution pattern of the HIV-1 strains from the eastern part of India to be a little different from that of strains from the rest of the country.
The overall study reveals HIV-1 subtype C to be the most prevalent type in the eastern part of India, based on the gag p24-p7 region. This also supports the earlier study done on the subtyping of HIV-1 based on the C2-V3 envelope region from this part of the country (14) . A characteristic geographic separation between the Calcutta strains and the other Indian strains was also indicated. These results show that there might be a tendency toward variance persisting among subtype C HIV-1 strains in the eastern part of India. It will be interesting to study further to see whether a changing pattern is evolving in other genomic regions of the HIV-1 strains. Therefore, continuous monitoring and intensive studies for more detailed characterization of HIV-1 with other genes are needed, which might help in understanding the infection pattern and evolutionary lineage in the eastern part of India.
Nucleotide sequence accession numbers. The GenBank accession numbers of the Calcutta sequences are AY651099 through AY651128, DQ003318 through DQ003327, DQ023706 through DQ023712, and DQ054798 through DQ054801.
